An improved Graves' disease model established by using in vivo electroporation exhibited long-term immunity to hyperthyroidism in BALB/c mice.
In Graves' disease, the overstimulation of the thyroid gland and hyperthyroidism are caused by autoantibodies directed against the TSH receptor (TSHR) that mimics the action of TSH. The establishment of an animal model is an important step to study the pathophysiology of autoimmune hyperthyroidism and for immunological analysis. In this study, we adopted the technique of electroporation (EP) for genetic immunization to achieve considerable enhancement of in vivo human TSHR (hTSHR) expression and efficient induction of hyperthyroidism in mice. In a preliminary study using beta-galactosidase (beta-gal) expression vectors, beta-gal introduced into the muscle by EP showed over 40-fold higher enzymatic activity than that introduced via previous direct gene transfer methods. The sustained hTSHR mRNA expression derived from cDNA transferred by EP was detectable in muscle tissue for at least 2 wk by RT-PCR. Based on these results, we induced hyperthyroidism via two expression vectors inserted with hTSHR or hTSHR289His cDNA. Consequently, 12.0-31.8% BALB/c mice immunized with hTSHR and 79.2-95.7% immunized with hTSHR289His showed high total T(4) levels due to the TSHR-stimulating antibody after three to four times repeated immunization by EP, and thyroid follicles of which were hyperplastic and had highly irregular epithelium. Moreover, TSHR-stimulating antibody surprisingly persisted more than 8 months after the last immunization. These results demonstrate that genetic immunization by in vivo EP is more efficient than previous procedures, and that it is useful for delineating the pathophysiology of Graves' disease.